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ABSTRACT
Chemical and Electrochemical Degradation of Lindane,
Chlorpyrifos and Imidacloprid
Exploratory research to degrade synthetic insecticides lindane, chlorpyrifos and
imidacloprid by chemical and electrochemical method was attempted. In this study,
the effect of various chemical agents namely alkali, oxidizing and reducing reagents
were reacted with the chosen pesticides and the structure of various degraded products
were identified. Products formed from the reaction of alkali with lindane were
characterized as 1,2,3-trichlorobenzene, 1,2,4-trichlorobenzene, 1,3,5-
trichlorobenzene, 1,2,4,5-tetrachlorobenzene, 1,2,3,4-tetrachlorobenzene, 1,3,4,5,6-
pentachlorocyclohexene. The edible alkali hydrolysis yielded open chain products and
their isomers. This was based on GLC and GC/MS spectral data. The physical method,
microwave and ultraviolet (UV) treatment also degraded lindane but the conversion
was low.
Microemulsion of chlorpyrifos and imidacloprid were prepared. The
solubilization of chlorpyrifos in the T-80 + TX-100 mixed surfactants micellar system
was maximum at 4: 1 ratio. 1-Pentanol was found to be the best co-surfactant, as
solubilization of chlorpyrifos increased from 9.1 to 15.2% by increasing the amount of
1-pentanol from 0 to 2.5%. Similarly microemulsion of imidacloprid was prepared
successfully by solubilization in the Triton X-100 + Tween-80 mixed surfactants
micellar system at 4: 1 ratio. Cyclohexanone was found to be the best co-surfactant, as
solubilization of imidacloprid increased from 12.7 to 22.2% by increasing the amount
of cyclohexanone from 0 to 5%. An accelerated study was used to see the ageing of
the product and stability.
Electrochemical reaction for degradation of the three insecticides were
developed and then carried out in a wide range of pH values (2.0–9.0). Glassy Carbon
(GC) electrode was used for cyclic voltammetry (CV) of 1 mM imidacloprid solution
with 0.1 M H2SO4 as supporting electrolyte at scan rate of 50 mV/s in the potential
range 0 to 1.6 V vs. Pt wire. A chemically irreversible peak corresponding to the
oxidation of imidacloprid could be observed during CVs on using three different
electrodes. Procedures used for quantitative and qualitative analysis of the products
were under taken by subjecting the reaction products to liquid chromatographic and
mass spectrometry (LC/MS), 1H NMR and 13C NMR analysis. The data confirmed the
structure of degraded product as imidacloprid urea. A new degraded product formed
during electrochemical method was identified as 1-[(6-chloropyridin-3-yl) methyl]
imidazolidin-2-ol. The electrochemical parameters were optimized. Glassy Carbon
(GC) electrode vs. stainless steel was studied in 1 mM chlorpyrifos solution with
Britton and Robinson buffer as supporting electrolyte at scan rate of 50 mV/s in the
potential range 0 to 1.6 V vs. Pt wire for the degradation of chlorpyrifos. The product
was characterized by GC/MS, 1H NMR and 13C NMR analysis. The data confirmed
the structure of degraded product as chloropyridinol.
The electrolysis method could be a feasible treatment for detoxification of
the contaminated waste water, especially as a pre-treatment stage during a biological
detoxification even when a high concentration of imidacloprid or chlorpyrifos is
present.
